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ABSTRACT
Introduction: The increase in strains resistant to antimicrobials in recent years may be due to their 
indiscriminate and excessive use. The World Health Organization (WHO) has promoted global 
surveillance of antimicrobial resistance; however, the biggest limitation is a lack of reliable data in 
some countries. Studies such as the Antibiotic Resistance Monitoring in Ocular Microorganisms 
(ARMOR) (2009 and 2013) and the Tracking Resistance in the United States Today (TRUST) 
report that the most prevalent microorganism in infections worldwide is Staphylococcus aureus, 
with a high percentage of Methicillin-resistant Staphylococcus aureus (MRSA), which are of 
great importance for public health due to their high resistance to antimicrobials. Objetive: To 
identify the main antimicrobial resistance profiles of bacteria isolated from infections or from 
ocular microbiota. Methods: A systematic review of literature in EBSCOhost databases: Academic 
Search, Medline, ScienceDirect, Web of Science, Springer, PubMed, and Google Academics, 
with keywords such as ocular, antimicrobial, and resistance, between 2010 and 2017. Results: 30 
articles on antimicrobial resistance from the last seven years were analyzed. In most countries, 
the genus Staphylococcus (S. aureus, 45%, NEC, 37%), Pseudomonas (8%) and Streptococcus 
(7%) were predominant. The lowest percentages were Corynebacterium (2%) and Klebsiella 
(1%). Conclusions: Most of the ocular isolates reported in the global context show resistance to 
beta-lactams. Increased resistance to these antibiotics implies a serious therapeutic problem in 
the hospital setting.
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INTRODUCTION 

Antimicrobial resistance is a natural  phenomenon 
acquired through genetic recombination mecha-
nisms proper to bacteria or through mutations. 
In recent years, the relative increase in resistant 
strains seems to have been due to an indiscrimi-
nate and excessive use of antimicrobials, which 
exert a selective pressure on these bacteria. There-
fore, the emergence of antimicrobial resistance 
in a country is dependent on regulations, control 
plans, and infectious disease prevention (1). The 
World Health Organization (WHO), the Food and 
Drug Administration (FDA), and the Centers for 
Disease Control and Prevention in several coun-
tries (2-4) have promoted the global surveillance 
of antimicrobial resistance, in order to reduce its 
appearance and spread. However, in the 21st cen-
tury, the biggest limitation is the lack of reliable 
data in some countries, mainly in Africa and Asia.

In the Americas, the Antimicrobial Resistance 
Surveillance Network for Latin America (ReLARA) 
and the Pan American Health Organization (PA-
HO) provide information on national reference 
laboratories of 19 countries in Latin America, 

RESUMEN 
En los últimos años, el aumento de cepas resistentes a los antimicrobianos puede deber-
se a su uso indiscriminado y excesivo. La Organización Mundial de la Salud (OMS) ha 
promovido la vigilancia mundial de la resistencia a los antimicrobianos; sin embargo, la 
mayor limitante es la falta de datos confiables en algunos países. Estudios como el Anti-
biotic Resistance Monitoring in Ocular Microorganisms (ARMOR), de 2009 y 2013, y el 
Tracking Resistance in the United States Today (TRUST) refieren que el microorganismo 
más prevalente en infecciones en el mundo es el Staphylococcus aureus y un alto porcen-
taje son Staphylococcus aureus meticilino resistente (SAMR), que son de gran importancia 
para la salud pública por su alta resistencia a los antimicrobianos. Objetivo: identificar 
los principales perfiles de resistencia antimicrobiana de bacterias aisladas de infecciones 
o de la microbiota ocular. Métodos: revisión sistemática de la literatura en las bases de 
datos EBSCOhost: Academic Search, Medline, ScienceDirect, Web of Science, Springer, 
PubMed y Google Academic, con las palabras clave ocular, antimicrobial y resistance, 
entre 2010 y 2017. Resultados: se analizaron 30 artículos de los últimos siete años sobre 
resistencia antimicrobiana. En la mayoría de países predominó el género Staphylococcus 
(S. aureus, 45 %; ECN, 37 %), Pseudomona (8 %) y Streptococcus (7 %). Los porcentajes 
más bajos fueron de Corynebacterium (2 %) y Klebsiella (1 %). Conclusiones: la mayoría 
de los aislados del globo ocular reportados en el contexto mundial presentan resistencia a 
los betalactámicos. El incremento en la resistencia a estos antibióticos implica un grave 
problema terapéutico en el ámbito hospitalario.

Palabras clave: bacterias, 
globo ocular, infecciones 
bacterianas, microbiota, 
resistencia microbiana a 
antibióticos.

Canada, and the United States that are part of the 
network. In Europe, the European Antimicrobial 
Resistance Surveillance (EARS) includes the 28 
countries of the European Union; Central and 
Eastern Europe count on the Central Asian and 
Eastern European Surveillance of Antimicrobial 
Resistance (CAESAR) network, the European 
Society of Clinical Microbiology and Infectious 
Diseases (ESCMID), and the Dutch National In-
stitute of Public Health and Environment (RIVM), 
which help to strengthen epidemiological studies 
and the capacity and quality of laboratories in the 
region. In the Southeast Asia region, there are no 
data collection organizations. Since 2011, eleven 
countries have been participating, which have 
revealed the emerging problem of antimicrobial 
resistance in this region. Similarly, in Africa, only 
17% of member countries report data, which are 
mostly incomplete. Despite this, the region also 
confirms that antimicrobial resistance is a grow-
ing problem (5).

The list of global priority antibiotic-resistant bac-
teria, published by the WHO in 2017, for the 
research and development of new antibiotics, in-
cludes the following as critical priority:  Pseudomona 
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 aeruginosa and Acinetobacter baumannii resistant 
to carbapenems, as well as enterobacteria resistant 
to carbapenems and third-generation cephalospo-
rins. The following are considered high priority: 
Enterococcus faecium, resistant to vancomycin; 
S. aureus, methicillin-resistant and resistant to 
vancomycin; Helicobacter pylori, resistant to clari-
thromycin; Campylobacter and Salmonella spp., re-
sistant to fluoroquinolones; Neisseria  gonorrhoeae, 
resistant to third-generation cephalosporins and 
fluoroquinolones. The following are of interme-
diate priority: Streptococcus pneumoniae, not sus-
ceptible to penicillin; Haemophilus influenzae, 
resistant to ampicillin, and Shigella spp., resistant 
to fluoroquinolones (6).

Nine of these bacteria, considered of great impor-
tance for public health, were included in the 2014 
WHO report, with antimicrobial resistance data 
obtained from research articles, official reports, 
and surveillance networks in each WHO region 
(5). Thus, in all WHO regions, a percentage higher 
than 20% of methicillin-resistant S. aureus (MRSA) 
was reported. The highest percentage was found 
in the Americas (51.4%, range from 2.4 to 90%) 
and Africa (48%, range from 0 to 100%). The high 
proportions of MRSA imply an increased risk of 
infections and the need to use another group of 
antibiotics with lower selective toxicity, as well 
as the ease of dissemination of resistance among 
species of the genus Staphylococcus. Streptococ-
cus pneumoniae resistant (or not susceptible) to 
penicillin was reported in 35% of the countries. 
However, it was detected in all WHO regions. The 
highest percentages were found in Africa (39.4%, 
range from 1 to 100%) and the Americas (33.4%, 
range from 0 to 53%).

Klebsiella pneumoniae isolates were reported by 
41% of the member countries; in all, the percent-
age of resistance to third-generation cephalosporins 
was greater than 30%, and resistance to carbapen-
ems exceeded 50% in some countries of Europe, 
Asia, and the Mediterranean. 45% of the member 
countries reported E. coli resistant to fluoroquino-
lones or to third-generation  cephalosporins. The 

highest percentage of isolates resistant to these 
antibiotics was reported in the regions of Africa, 
Asia, and the Mediterranean. The report also in-
cluded other bacteria such as Neisseria gonorrhoeae 
with decreased susceptibility to cephalosporins, 
nontyphoidal Salmonella, and Shigella species 
resistant to fluoroquinolones.

In this way, the main programs from all over the 
world that implement the WHO global action 
plan are: Study for Monitoring Antimicrobial Re-
sistance Trends (SMART), which provides data 
on gastrointestinal and urinary infections (7); the 
Sentry antimicrobial surveillance program, which 
monitors pathogens that cause nosocomial and 
community-acquired infections, as well as blood, 
respiratory tract, skin, soft tissue, and urinary tract 
infections; the study Tracking Resistance in the 
United States Today (TRUST) and the Alexander 
project monitor the antimicrobial susceptibility of 
S. pneumoniae, H. influenzae, and M. catarrhalis 
as main agents of respiratory tract infections. These 
and other international programs, in addition to 
providing data on pathogen incidence and their 
resistance to antimicrobials, provide important 
information on the influence of antimicrobial 
use on resistance (8).

The surveillance and monitoring of antibiotic 
resistance in microorganisms isolated from ocu-
lar tissues has been carried out in two programs: 
TRUST and the Antibiotic Resistance Monitor-
ing in Ocular Microorganisms (ARMOR). The 
TRUST eye program started in 2005, and focused 
on three microorganisms: S. aureus, Streptococcus 
pneumoniae, and Haemophilus influenzae. The 
ARMOR study (Antibiotic Resistance Monitoring 
in Ocular Microorganisms) is a similar surveil-
lance program created specifically to monitor 
ocular pathogens in the United States (9). The 
initial results of this study were published in 2011 
(ARMOR 2009) (10), and subsequent data from 
2009 to 2013 (ARMOR 2013) were published in 
2017, with a total of 3237 isolates. It is the largest 
study of its kind to date (11).
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The results of these three studies—ARMOR (2009, 
2013) and TRUST—agree that the most prevalent 
microorganism was S. aureus, a high percentage 
of which was MRSA (39.0, 42.2, and 16.8%, re-
spectively). Similarly, MRSA showed greater re-
sistance to other antibiotics, such as macrolides, 
quinolones, and aminoglycosides, than methi-
cillin-sensitive S. aureus. The percentage of S. 
pneumoniae not susceptible to penicillin was less 
than 20%, although it is important to bear in mind 
that these results depend on the cut-off points and 
methodologies used (9-11).

The bacteria that are part of the ocular microbiota, 
which is mainly composed of coagulase-negative 
Staphylococcus (CNS), have been considered 
opportunistic pathogens in recent years, as they 
have been reported as etiological agents of dis-
eases, such as endophthalmitis, blepharitis, and 
conjunctivitis; with high prevalence and, in several 
cases, high resistance to antimicrobials (12-15)
chocolate, and Sabouraud dextrose agar media. 
RESULTS: The mean age was 36.04 (SD 2.16. 
Other studies on the antimicrobial susceptibility 
of the ocular microbiota have evidenced that at 
least half of the CNS species (55.2%) show resis-
tance to more than three antibiotics: penicillin 
(83%), oxacycline and erythromycin (49%), and 
fluoroquinolones (28%), the latter group frequently 
used in the treatment of ocular infections and as 
prophylactics in eye surgeries (16-18).

Bacterial infections of the conjunctiva are usu-
ally self-limiting. For this reason, microbiologi-
cal identification or antimicrobial susceptibility 
and resistance testing are not carried out in most 
cases. However, topical antibiotics are formulat-
ed according to the patient’s clinic, which are 
available over the counter in many countries. In 
this way, the antimicrobial resistance of bacteria 
isolated from infections or ocular microbiota is 
also associated with the duration and regularity of 
drug administration, which increases the rate of 
resistance to antimicrobial agents (19-21).

Resistance to antibiotics in microorganisms that 
cause systemic infections has been more closely 
monitored and published than resistance of mi-
croorganisms grown from ocular samples. For 
this reason, the objective of this research was to 
identify the main antimicrobial resistance profiles 
of bacteria isolated from infections or ocular mi-
crobiota, according to their geographical location, 
based on a literature review.

METHODOLOGY

An information search was carried out in 
 EBSCOhost databases: Academic Search, 
 Medline,  ScienceDirect, Web of Science, Springer, 
PubMed, and Google Academic, with the follow-
ing keywords: ocular, antimicrobial, and resistance, 
between 2010 and 2017. The strategy for the se-
lection and analysis of the results published in 
studies was based on the following criteria:

1. Articles that report data related to antimicrobial 
resistance or susceptibility by genus or species 
of bacteria isolated from infections or ocular 
microbiota.

2. Articles that include a minimum of 40 sam-
ples or patients and analyze a minimum of 20 
isolates.

3. Articles with moderate and high-quality evi-
dence according to the Grading of Recom-
mendations, Assessment, Development and 
Evaluation (GRADE) model.

The articles selected according to the first two 
criteria were typed into an Excel sheet, where 
they were differentiated by the country where the 
research was conducted, year of publication and 
study, type of study, sample size, total of bacterial 
isolates analyzed, genus and species of the bacteria 
reported, pathology and tissue in which bacteria 
were isolated, and the percentage of resistance to 
each antibiotic. The latter was calculated based 
on the total number of isolates when the article 
reported susceptibility, or it was subdivided into 
groups according to antimicrobial resistance phe-
notypes. To validate the information, two copies 
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of the same database were made by two of the 
researchers. Finally, to refine evidence quality, 
the following items were considered according 
to the GRADE scale, with some modifications:

� Sample randomization: insufficient or not 
done.

� Inconsistency of results: when the results 
showed wide variability or heterogeneity that 
was not explained.

� Uncertainty about the evidence: the results 
of antimicrobial after treatment intervention 
or follow-up were ruled out.

� Imprecision: based on whether or not con-
fidence intervals (CI) were reported, studies 
that recorded susceptibility or resistance per-
centages only by group of microorganism were 
discarded.

RESULTS

30 articles were analyzed that contained data on 
etiological identification and antimicrobial resis-
tance from the last seven years. In most countries, 

the genus Staphylococcus (S. aureus, 45%; CNS, 
37%), Pseudomonas (8%), and Streptococcus (7%) 
predominated. Corynebacterium (2%) and Klebsiel-
la (1%) showed the lowest percentages (Figure 1).

In the Americas, the highest percentage of isolates 
was of the genus Staphylococcus, obtained from 
eye infections and the ocular microbiota. The 
highest number of articles (ten) was found in the 
United States, and a total of 6335 isolates were 
reported (S. aureus, 2413; CNS, 1994; Pseudo-
mona, 1090; Streptococcus, 768; Klebsiella, 70) 
(11,18,22-29)71 (67.6%. In Mexico, three articles 
were selected with a total of 392 isolates (S. aureus, 
21; CNS, 278; Streptococcus, 12; Corynebacterium, 
75; Pseudomonas, 6) (30-32). In Colombia, two 
articles were selected with 112 isolates (CNS, 82; 
S. aureus, 18; Pseudomona, 7; Streptococcus, 5) 
(15,33). From the other countries, only one article 
was selected, as follows: Cuba, with 1839 isolates 
(CNS, 965; S. aureus, 874) (34); Venezuela, with 
168 isolates (CNS, 112; S. aureus, 56) (35); Brazil, 
with 33 isolates (CNS, 22; S. aureus, 11) (36), and 
Paraguay, with 22 isolates of S. epidermidis (37).

Figure 1. Main microorganisms isolated from the eyeball by continent
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In Africa, the highest percentage of isolates were 
CNS reported in two articles from Ethiopia, with 
a total of 110 isolates (CNS, 60; S. aureus, 27; 
Streptococcus, 18; Pseudomonas, 3; Klebsiella, 2) 
(38,39); one article from Nigeria with 121 isolates 
(S. aureus, 43; CNS, 35; Corynebacterium, 25; 
Pseudomonas, 15; Klebsiella, 3) (40), and one 
article from Uganda with 120 isolates from the 
ocular microbiota (CNS, 91; S. aureus, 29) (41).

In Europe, CNS were the most identified in ocu-
lar infections. The largest number of isolates was 
obtained from an article that reported 635 (CNS, 
313; S. aureus, 252; Streptococcus pneumoniae, 70) 
from medical centers in several European coun-
tries (France, Germany, Italy, Poland, Slovakia, 
Spain, and the United Kingdom) (42). Addition-
ally, in Italy, an article was found with 20 isolates 
(CNS, 12; S. aureus, 8) (43), and in France, an 
article with 68 isolates of CNS from patients with 
endophthalmitis (44).

In Asia, the highest percentage of isolates published 
by two countries were of the genus Pseudomonas. In 

India, an article was found with 151 isolates (Pseu-
domonas, 75; CNS, 18; S. aureus, 20; Klebsiella, 24; 
Streptococcus, 14) (45), and in Pakistan, an article 
with 22 isolates of P. aeruginosa (46). In Nepal, 
the highest number of bacteria were Streptococcus 
(Streptococcus, 17; S. aureus, 1; Pseudomonas, 1) 
(47), and in Taiwan, in a retrospective study, 519 
isolates of methicillin-resistant and methicillin-sus-
ceptible S. aureus were reported (48).

Percentages of antimicrobial 
resistance by bacteria genus

S. aureus: In Europe and Asia, the highest percen-
tage of resistance was found to beta-lactams (77.3 
and 96.1%, respectively) and macrolides (54.9 and 
33.9%, respectively). In the Americas, 59.5% of  
S. aureus was resistant to macrolides, and 33.8% 
to beta-lactams. Resistance to quinolones in Eu-
rope was in the third place of importance (45.0%), 
just like in America (20%). In Africa, the strains 
reported were mainly resistant to tetracyclines 
(52.6%) and to trimethoprim-sulfamethoxazole 
(33.0%) (Figure 2).

Figure 2. Percentages of antimicrobial resistance of S. aureus per continent
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CNS: The highest percentage of antimicrobial 
resistance was to beta-lactams (82.0%) in Europe, 
and to macrolides in America (57.3%), Europe 
(46.7%), and Africa (19.5%). The highest resis-
tance to quinolones was reported in the Americas 
(31.7%) and Europe (24.0%). Like S. aureus, the 
highest percentage of CNS strains resistant to 
tetracycline (32.8%) and to trimethoprim-sulfa-
methoxazole (33.0%) was found in Africa. The 
highest resistance to aminoglycosides was found 
in Europe (31.4%) (Figure 3).

Pseudomonas: Beta-lactams were the main group 
of antibiotics to which this microorganism showed 
resistance in Asia and the Americas (70.8 and 
42.4%, respectively). Resistance to tetracyclines 
was the highest in Asia (59.0%) and Africa (33.3%); 
high resistance to quinolones (36.7%), aminogly-
cosides (35.5%), and trimethoprim-sulfamethox-
azole (33.0%) was also reported on this continent 
(Figure 4).

Streptococcus: The antibiotics to which Strepto-
coccus showed the greatest resistance were tetra-
cyclines (59%) in Africa, and macrolides in the 
Americas (40.0%) and Europe (27.0%). Resistance 
to beta-lactams was reported in Africa (23.8%) and 
the Americas (15.9%) (Figure 5).

Corynebacterium isolates were only found in reports 
from the countries of the Americas and Africa, 
where this microorganism showed the greatest 
resistance to clindamycin (60%) and to chlor-
amphenicol (24%), respectively. A significant 
percentage showed resistance to beta-lactams in 
both continents (25%). Finally, Klebsiella reports 
were only found in the Americas and Africa, where 
the greatest resistance was to chloramphenicol 
(67%) and tetracyclines (50%); they also showed 
resistance to beta-lactams (28%) and aminogly-
cosides (12%).

Figure 3. Percentage of antimicrobial resistance of CNS per continent
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Figure 4. Percentages of antimicrobial resistance of Pseudomonas by continent

Figure 5. Percentages of antimicrobial resistance of Streptococcus per continent

Beta-lactams Aminoglycosides Quinolones Tetracyclines Trimethoprim

Beta-lactams Macrolides Aminoglycosides Quinolones Tetracyclines

Americas Africa Asia

100

90

80

70

60

50

40

30

20

10

0

R
es

is
ta

nc
e 

pe
rc

en
ta

ge
 P

se
ud

om
on

as

42.4

18.0

42.0

7.0
8.7

24.7

33.333.0
35.6

36.7

70.8

59.0

0.0

35.0

9.0

R
es

is
ta

nc
e 

pe
rc

en
ta

ge
 S

tr
ep

to
co

cc
us

100

90

80

70

60

50

40

30

20

10

0

Americas Africa Europe Asia

15.9

1.0
0.0

40.0

1.0

23.8 23.0

59.0

0.0 0.0

27.0

0.0

9.0

0.00.0 0.0

DISCUSSION

Beta-lactam antibiotics represent the largest group 
of antimicrobials and are frequently used as ther-
apeutic agents in bacterial infections (49). Re-
sistance to penicillin was identified for the first 

time by Abraham and Chain in 1940, in strains of  
E. coli that produced penicillinases or beta-lact-
amases (50). Subsequently, it was identified that 
Staphylococcus species had the same resistance 
mechanism, which is transferred horizontally 
between them. This bacterium also develops 
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 resistance to almost all beta-lactams, thanks to 
the acquisition of the mecA gene, which modifies 
the target (transpeptidases or PBP). This gene is lo-
cated in the Staphylococcal chromosomal cassette 
(SCC), which corresponds to a mobile element 
(genomic island) for gene exchange. So far, five 
types of SCCmec have been identified (I, II, III, 
IV, V), according to the combination of the ccr and 
mec complexes (51). ccr genes code for recombinas-
es, specific sites where SCC is integrated into the 
chromosome and the mec complex, which include 
the mecR1 and mecI regulatory genes and inser-
tion sequences (IS), responsible for connecting 
and grouping other resistance genes. The present 
review found that 57% of ocular isolates reported 
in the world show resistance to beta-lactams. Mak-
ing a parallel to hospital infections, approximately 
90% of Staphylococcus strains are resistant to the 
group of beta-lactam antibiotics (mainly peni-
cillins); therefore, increase in resistance to these 
antibiotics implies a serious therapeutic problem 
in the hospital setting (52,53).

For two decades, S. aureus has been the most pre-
dominant agent in bloodstream, skin, soft tissue, 
and respiratory tract infections around the world. 
Similarly, it was found that in infections and in 
the ocular microbiota, this genus is the most re-
ported in almost all selected publications, which 
is consistent with its great ability to accumulate 
virulence and antimicrobial resistance genes. Data 
from the Sentry antimicrobial resistance monitor-
ing program between 1997 and 1999 revealed that 
the highest percentage of MRSA was found in Asia 
(> 50%), the Americas (> 30%), and Europe (> 
28%), and that the percentage of methicillin-re-
sistant CNS exceeded 70% in all continents (54).

In this review, the highest percentages of resistance 
to beta-lactams were found in Europe (> 75%) 
and Asia (> 96%). The most commonly reported 
beta-lactam antibiotics were penicillin, amoxicil-
lin-sulbactam, oxacillin, and ceftriazone. Since 
oxacillin resistance has not been genotypically 
confirmed in most of these studies, the results 
of this investigation differ mainly because these 

 percentages include resistance to all beta-lactams 
and not only to methicillin, as reported in the 
global reports. It is possible that this has contrib-
uted to the higher proportions of resistance to 
beta-lactams found in ocular isolates.

Given that in clinical practice these antibiotics 
are not widely used for the local treatment of eye 
infections, it is possible that systemic use direct-
ly influences their resistance. In fact, the global 
TRUST and ARMOR reports indicate high per-
centages of MRSA and methicillin-resistant CNS 
in ocular isolates (10,55). In addition, consistent 
with these global reports, many strains showed 
resistance to other groups of antibiotics, especially 
to macrolides (azithromycin and erythromycin), 
which are widely used in the local context in almost 
all countries for the treatment of eye infections. 
Resistance to quinolones was found in a higher 
percentage in S. aureus and CNS reported in 
Europe and the Americas.

The resistance of Streptococcus isolates  depended 
on the geographical location. In Africa, the greatest 
resistance was to tetracyclines, and in the Americas 
and Europe, to macrolides. However, the number 
of isolates in the selected publications was very 
low (< 10%), so these reports cannot be compared 
with global reports on the resistance of this bacte-
rium. Similarly, Pseudomonas isolates accounted 
for less than 15%, and no publications were found 
in Europe. However, a relatively high percentage 
was found in all three continents for almost all 
antibiotics, especially in Africa. It is possible that 
this indicates the existence of multidrug-resistant 
strains, a growing problem in this genus in the 
entire world (24).

The results reported in the articles have shown that 
the antimicrobial resistance of ocular pathogens 
has increased in recent years. This is due to an 
inadequate use of systemic and topical antibiotics 
for infections that are not bacterial  (viral), incorrect 
medication dosage, and excessive treatment dura-
tion. Such factors contribute to the antimicrobial 
resistance of pathogens in the eye zone and hinder 
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the adequate management of infections (56). For 
this reason, it is essential to make an adequate 
identification of the etiological agent of the infec-
tion and its susceptibility profile (57), in order to 
confirm the diagnosis, provide timely treatment 
based on therapeutic decisions that are aimed at 
eliminating the specific pathogen, and avoid the 
formation of bacteria resistant to antibiotics.

Finally, the authors acknowledge that the main 
limitation in this review was the lack of data. In 
most of the countries, only one publication was 
found, and in some of the studies, the selection 
and size of the sample was not randomized or 
representative. Despite this, the present study 
highlights the importance of improving knowledge 
about the antimicrobial resistance of bacteria iso-
lated from infections and the ocular microbiota, 
which, fortunately, has been promoted in recent 
years in countries such as the United States, with 
the support of WHO.
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